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(54) Passive optical network using loop back of multi-wavelength light generated at central office 



(57) A passive optical network includes a central of- 
fice and a subscriber-side apparatus connected with the 
central office through an optical fiber link. The subscrib- 
er-side apparatus performs communication with the 
central office based on wavelength-division-multiplexed 
optical signals. The central office has a routing section, 
provided with firstto fourth multiplexing ports, for demul- 
tiplexing multi-wavelength light inputted from the fourth 
multiplexing port into a plurality of channels. Each of the 
demultiplexed channels is amplified and multiplexed for 
output through the first multiplexing port. Optical signals 
inputted through the third multiplexing port are demulti- 
plexed and outputted upstream. The routing section al- 
so multiplexes channels for downstream optical signals, 



outputting the multiplexed channels through the second 
port. A splitting section, provided with first to third split- 
ting ports and arranged on a loop optical waveguide 
connects the first and fourth multiplexing port with each 
other. The splitting section causes some of multi-wave- 
length light inputted into the first splitting port to be out- 
putted through the second splitting port and causes the 
remainder of multi-wavelength light to be outputted 
through the third splitting port connected with the fourth 
multiplexing port. A circulator causes the multi-wave- 
length light inputted through the second splitting port to 
be transmitted to the subscriber-side apparatus and 
causes upstream optical signals received from the sub- 
scriber-side apparatus to be outputted to the third mul- 
tiplexing port. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical 
communication system, and more particularly to a 
wavelength division multiplexing passive optical net- 
work. 

2. Description of the Related Art 

[0002] A wavelength division multiplexing (WDM) 
passive optical network distributes, optical signals 
downstream from a central office to each subscriber. 
The network uses at a remote node between the central 
office and the subscriber a passive element Instead of 
an active element, such as an amplifier, a transmitter 
and so forth. Similarly, upstream optical signals together 
with data for the subscriber are sent through the passive 
element to the central office. In such a WDM passive 
optical network, both the central office and the remote 
node require an apparatus for multiplexing and/or de- 
multiplexing upstream and downstream optical signals, 
and both the central office and the subscriber require a 
transmitter and a receiver. 

[0003] ; A persistent attempt has been made in recent 
WDM passive optical networks to efficiently implement 
a multiplexer and a demultiplexer or use with an arrayed 
waveguide grating (AWG) and to economically imple- 
ment a light source for transmission. In particular, much 
research has recently been published regarding a meth- 
od for implementing the light source for transmission of 
the upstream optical signals in a simple and inexpensive 
manner, in which the light source is provided for the sub- 
scriber. 

[0004] Fig. 1 illustrates construction of a conventional 
WDM passive optical network. This WDM passive opti- 
cal network includes a central office 1 1 0 and a subscrib- 
er-side apparatus 130,140 connected with the central 
office 110 through optical fiber links 120, 125, respec- 
tively. Here, the subscriber-side apparatus includes a 
remote node 1 30 and a plurality of subscribers 1 40 con- 
nected with the remote node 130. 
[0005] The central office 1 1 0 includes a plurality of op- 
tical transmitters 1 1 1 , a plurality of optical receivers 1 1 4, 
a multiplexer 112 and a demultiplexer 113. 
[0006] Each of the optical transmitters 111 outputs 
channels, which are modulated with the corresponding 
data signals and have different wavelengths. The optical 
transmitter 111, for example, makes much use of a dis- 
tributed feedback laser diode (DFB LD) appropriate to 
downstream optical signals for transmission of high ca- 
pacity data. 

[0007] The multiplexer 112 multiplexes channels in- 
putted from the transmitters 111 into downstream optical 
signals, and then transmits the multiplexed downstream 



optical signals through the optical fiber link 120. The 
multiplexer 112 may make use of a passive element 
such as a 1xN AWG, for example. 
[0008] The demultiplexer 113 demultiplexes up- 

5 stream optical signals received through the optical fiber 
link 1 25 into a plurality of channels, and then outputs the 
demultiplexed channels. The demultiplexer 113 may al- 
so make use of a passive element such as a 1 xN AWG. 
[0009] The optical receivers 114 convert each of the 

10 channels inputted from the demultiplexer 113 into an 
electrical signal. The optical receiver 114 makes use of 
a photodiode, for example. 

[0010] The subscriber-side apparatus 130, 140 in- 
cludes a demultiplexer 131, a multiplexer 1 32, a plurality 
is of optical transmitters 142 and a plurality of optical re- 
ceivers 141 . 

[0011] The demultiplexer 131 demultiplexes down- 
stream optical signals received through the optical fiber 
link 1 20 into a plurality of channels, and then outputs the 
20 results. 

[0012] The optical receivers 141 convert each of the 
channels inputted from the demultiplexer 131 into an 
electrical signal. 

[001 3] The optical transmitters 1 42 each output a plu- 
25 rality of channels, which are modulated with the corre- 
sponding data signals and have different wavelengths. 
The optical transmitter 142, for example, makes much 
use of either a spectrum-sliced light source appropriate 
to upstream optical signals for transmission of relatively 
30 low capacity data or a light source for generating only a 
single mode by locking a multi-mode laser diode. 
[0014] The multiplexer 132 multiplexes a plurality of 
channels inputted from the transmitters 142 into up- 
stream optical signals, and then transmits the multi- 
35 plexed upstream optical signals through the optical fiber 
link 125. 

[001 5] However, the conventional WDM passive opti- 
cal network has a problem in that transmission of a high 
volume of optical signals caused by a sharp growth in 

40 volume of the upstream optical signals, when either the 
spectrum-sliced light source or the light source for gen- 
erating only a single mode by locking a multi-mode laser 
diode is used as a light source for transmitting upstream 
optical signals, makes operation of the network impos- 

45 sible or causes a transmission error rate to increase rap- 
idly. As a further problem, costs for constructing the sub- 
scriber-side apparatus are increased when a single 
mode laser diode such as the DFB LD is used as a light 
source for transmitting upstream optical signals, 

50 

SUMMARY OF THE INVENTION 

[0016] The present invention is directed to solving the 
above-mentioned problems occurring in the prior art. 
55 The present invention provides a wavelength division 
multiplexing (WDM) passive optical network capable not 
only of efficiently containing upstream optical signals in 
spite of an increase in transmission capacity of the up- 
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stream optical signals, but also of saving the costs for 
constructing the subscriber-side apparatus. 
[0017] More specifically, the present invention pro- 
vides a passive optical network including a central office 
and a subscriber-side apparatus connected with the 
central office through an optical fiber link, in which the 
subscriber-side apparatus performs communication 
with the central office based on wavelength-division- 
multiplexed optical signals, the central office compris- 
ing: a routing section, provided with first to fourth multi- 
plexing ports, for demultiplexing multi-wavelength light 
inputted through the fourth multiplexing port into a plu- 
rality of channels, for amplifying and multiplexing each 
of these demultiplexed channels, for outputting the re- 
sults through the first multiplexing port, for demultiplex- 
ing and outputting upstream optical signals inputted 
through thethird multiplexing port, for multiplexing chan- 
nels for downstream optical signals and for outputting 
the multiplexed channels through the second multiplex- 
ing port; a splitting section, provided with first to third 
splitting ports and arranged on a loop optical waveguide 
connecting the first and fourth multiplexing port with 
each other, for causing some of multi-wavelength light 
inputted into the first splitting port to be outputted 
through the second splitting port, and for causing the 
remaining portion of the multi-wavelength light to be out- 
putted through the third splitting port connected with the 
fourth multiplexing port; a circulator for causing the mul- 
ti-wavelength light inputted from the second splitting 
port fo be transTnitted to the subscriber-side apparatus, 
and for causing upstream optical signals received from 
the subscriber-side apparatus to be outputted to the 
third multiplexing port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above features and advantages of the 
present invention will be more apparent from the follow- 
ing detailed description taken in conjunction with the ac- 
companying drawings, in which: 

Fig. 1 illustrates construction of a conventional 
WDM passive optical network; 
Fig. 2 illustrates construction of a wavelength divi- 
sion multiplexing (WDM) passive optical network 
according to the present invention; 
Fig. 3 shows a wavelength band used in the WDM 
passive optical network shown in Fig. 2; 
Fig. 4 illustrates construction of a subscriber-side 
apparatus according to a first embodiment of the 
present invention; 

Fig. 5 illustrates construction of a subscriber-side 
apparatus according to a second embodiment of 
the present invention; 

Fig. 6 illustrates construction of a subscriber-side 
apparatus according to a third embodiment of the 
present invention; and 

Fig. 7 illustrates construction of a subscriber-side 



apparatus according to a fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENT 

[0019] Hereinafter, preferred embodiments of the 
present invention will be described in detail with refer- 
ence to the accompanying drawings. 

10 [0020] Fig. 2 illustrates construction of a wavelength 
division multiplexing (WDM) passive optical network ac- 
cording to the present invention. The passive optical 
network includes a central office 200 and a subscriber- 
side apparatus 310, in which the subscriber-side appa- 

15 ratus 310 is connected with the central office 200 
through an optical fiber link 300 and performs commu- 
nication with the central office 200 based on wave- 
length-division-multiplexed optical signals. 
[0021] The central office 200 transmits downstream 

20 optical signals, which are modulated with multi-wave- 
length light and data signals, to the subscriber-side ap- 
paratus 31 0, and receives upstream optical signals from 
the subscriber-side apparatus 31 0. The subscriber-side 
apparatus 310 receives multi-wavelength light and the 

25 downstream optical signals from the central office 200, 
demultiplexes the multi-wavelength light into a plurality 
of channels, modulates each of the channels into data 
signals, multiplexes the modulated channels into up- 
stream optical signals, and transmits the multiplexed up- 

30 stream optical signals to the central office 200. 

[0022] The central office 200 includes a routing sec- 
tion 210, a splitting section 250, a circulator 260, a com- 
bining section 270, an optical transmitting section 280, 
an optical receiving section 290, an isolator 230, and an 

35 optical band pass filter (OBPF) 240. 

[0023] The routing section 21 0 includes first and sec- 
ond wavelength routers 211 and 212, and a plurality of 
optical amplifiers 213. 

[0024] The second wavelength router 212 comprises 

40 third and fourth multiplexing ports LN and R1 , and third 
and fourth demultiplexing multi-ports L 1 to L N . A and R 2 
to R N . The second wavelength router 21 2 demultiplexes 
multi-wavelength light, inputted from the fourth multi- 
plexing port R 1( into a plurality of channels, and then 

45 outputs the demultiplexed channels through the third 
demultiplexing multi-ports L n to L N . V Further, the sec- 
ond wavelength router 212 demultiplexes upstream op- 
tical signals, inputted from the third multiplexing port L N , 
into a plurality of channels, and then outputs the demul- 

50 tiplexed channels through the fourth demultiplexing mul- 
ti-ports R 2 to R N . The second wavelength router 212 
may, for example, make use of an element that has a 
periodicity like an NxN arrayed waveguide grating and 
performs multiplexing and demultiplexing in both direc- 

55 tions. 

[0025] The optical amplifiers 213 are connected with 
the corresponding third demultiplexing multi-ports L 1 to 
L N ^ and cause channels inputted from these ports to be 
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amplified and outputted. Further, the optical amplifiers 
213 functions as a light source for multi-wavelength 
light. Amplified spontaneous emission (ASE) generated 
from each optica! amplifier 213 turns to multi-wave- 
length light after it is sequentially subjected to filtering, 
amplification, and so forth, and then is transmitted to the 
subscriber-side apparatus 310 as multi-wavelength 
light. Each of the optical amplifiers 213 includes an er- 
bium doped fiber (EDF) and a pumping light source for 
supplying pumping light by means of the EDF. 
[0026] The first wavelength router 211 comprises first 
and second multiplexing ports L1 and RN, and first and 
second demultiplexing multi-ports L 2 to L N and R 1 to 
R N -v The first wavelength router 211 multiplexes the 
amplified channels inputted into the second demulti- 
plexing multi-ports R 1 to R N _., , and then outputs the mul- 
tiplexed channels through the first multiplexing port L,. 
Further, the first wavelength router 211 multiplexes 
channels inputted into the first demultiplexing multi- 
ports L 2 to L N , and then outputs the multiplexed chan- 
nels through the second multiplexing port R N . The first 
wavelength router 211 may, for example, make use of 
an element that has a periodicity like an NxN arrayed 
waveguide grating and performs multiplexing and de- 
multiplexing in both directions. 

[0027] Both the first multiplexing port L-j of the first 
wavelength router 211 and the fourth multiplexing port 
R 1 of the second wavelength router 21 2 are connected 
with each other by an optical waveguide, thus forming 
a loop optical waveguide 220. That is, ASE generated 
from the plurality of optical amplifiers 213 in the begin- 
ning is outputted through the first multiplexing port L 1f 
filtered to become multi-wavelength light, and then in- 
putted into the fourth multiplexing port R 1 as multi-wave- 
length light. Thereafter, the multi-wavelength light is 
multiplexed into a plurality of channels by the second 
wavelength router 212, and then inputted into the plu- 
rality of optical amplifiers 213 again. The plurality of op- 
tical amplifiers 213 carry out amplification and output of 
the inputted channels. The amplified channels are out- 
putted through the first multiplexing port L 1 again. This 
process is endlessly repeated by the loop optical 
waveguide 220. In this manner, the endlessly repeated 
ASE is subjected to lasing, and thus the lased ASE can 
be used as multi-wavelength light In the passive optical 
network. This generated multi-wavelength light is mod- 
ulated at the subscriber-side apparatus 31 0, but not by 
data signals. Further, a lasing direction of the ASE is 
selected in a direction opposite to that of multiplexing or 
demultiplexing for transmitting or receiving the modulat- 
ed optical signals , so that it is possible to block crosstalk, 
which may be generated through the first and second 
wavelength routers 211, 212. 

[0028] The isolator 230 is arranged on the loop optical 
waveguide 220. The isolator 230 allows for passing 
through inputted multi -wavelength light, but it does not 
allow for passing through light traveling in a direction 
opposite to the inputted multi-wavelength light. 



[0029] The OBPF 240 is arranged on the loop optical 
waveguide 220, and determines a wavelength band of 
the multi-wavelength light based on the pre-set wave- 
length band. The OBPF 240 may make use of a multi- 
5 player thin film filter with a plurality of thin films depos- 
ited, for example. 

[0030] The splitting section 250 is provided with first 
to third ports, and arranged on the loop optical 
waveguide 220. The splitting section 250 outputs a part 

10 of multi-wavelength light inputted into the first port 
through the second port, and outputs the remaining por- 
tion through the third port, which is connected with the 
fourth multiplexing port R1 of the second wavelength 
router 212. The splitting section 250 may make use of 

15 a 1x2 optical coupler such as a Y-branch coupler, for 
example. 

[0031 ] The circulator 260 is provided with first to third 
ports. The circulator 260 allows multi-wavelength light 
inputted from the splitting section into the first port and 
20 downstream optical signals to be transmitted to the sub- 
scriber-side apparatus 310 and allows upstream optical 
signals received from the subscriber-side apparatus 
31 0 into the second port to be outputted through thethird 
port, which is connected with the third multiplexing port 
25 L N of the second wavelength router 212. 

[0032] The combining section 270 is provided with 
first to third ports. The combining section 270 passes 
through upstream optical signals received from the sub- 
scriber-side apparatus 310 into the second port, but it 
30 "combines~multi-wave!ength light inputted from the cir- 
culator 260 to the first port with downstream optical sig- 
nals inputted into the third port, which is connected with 
the second multiplexing port R N of the first wavelength 
router 211 , and then. transmits the combined results to 
35 the subscriber-side apparatus 310. The combining sec- 
tion 270, for example, may make use of a WDM filter. 
[0033] The optical transmitting section 280 includes a 
plurality of optical transmitters 285 which are connected 
respectively with the first demultiplexing multi-ports L 2 
40 to L N of the first wavelength router 211 in a one-to-one 
correspondence. The channels of different wavelengths 
outputted from the plurality of optical transmitters 285 
are inputted into the first demultiplexing multi-ports L 2 
to L N of the first wavelength router 211. The optical 
45 transmitter 285 may, for example, make use of a DFB 
laser diode appropriate to the downstream optical sig- 
nals for transmission of high capacity data. 
[0034] The optical receiving section 290 includes a 
plurality of optical receivers 295 which are connected 
so respectively with the fourth demultiplexing multi-ports 
R 2 to R N of the second wavelength router 212 in a one- 
to-one correspondence, and converts a plurality of 
channels inputted through the fourth demultiplexing 
multi-ports R 2 to R N into a separate electrical signal. The 
55 optical receiver 295 may make use of a photodiode, for 
example, 

[0035] The subscriber-side apparatus 310 receives 
the multi-wavelength light and downstream optical sig- 
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nals from the central office 200, demultiplexes the multi- 
wavelength light into a plurality of channels, modulates 
the plurality of channels into the corresponding separate 
data signals, multiplexes the modulated channels into 
upstream optical signals, and then transmits the multi- 
plexed upstream optical signals to the central office 200. 
The multi-wavelength light is suitable to transmit a high 
volume of modulated data, because the multi-wave- 
length light is laser light. 

[0036] Fig. 3 shows a wavelength band used in the 
WDM passive optical network shown in Fig. 2. The first 
and second wavelength routers 211,212 have the same 
free spectral range (FSR), and set a wavelength band 
410 of the downstream optical signals on the FSR. Fur- 
ther, the routers 211 , 212 are designed so that, when a 
wavelength band 420 of the multi-wavelength light is set 
to be different from the wavelength band 410 of the 
downstream optical signals, the optical signals of the 
two bands are adapted to be transmitted at the same 
time. A pass band 430 of the OBPF 240 is set to be an 
integer times the FSR, which is a repetition period of the 
band. The multi-wavelength light has the same wave- 
length band as the upstream optical signals. 
[0037] Fig. 4 illustrates construction of a subscriber- 
side apparatus according to a first embodiment of the 
present invention. The subscriber-side apparatus 500 
includes a WDM filter 51 0 S a wavelength router 520, a 
plurality of optical receivers 530, a plurality of circulators 
540, and a plurality of modulators 550. 
[0038] The WDM filter 510 is provided with firstto third 
ports. The WDM filter 510 allows the multi-wavelength 
light and downstream optical signals from the central of- 
fice 200 to be received through the first port, in which 
the multi-wavelength light is outputted through the sec- 
ond port and the downstream optical signals are output- 
ted through the third port. Further, the WDM filter allows 
the upstream optical signals inputted through the sec- 
ond port to be transmitted through the first port to the 
central office 200. 

[0039] The wavelength router 520 comprises first and 
second multiplexing ports L, and R N , and first and sec- 
ond demultiplexing multi-ports L 2 to L N and R 1 to R N _.,. 
The wavelength router 520 demultiplexes the multi- 
wavelength light inputted through the first multiplexing 
port L 1 into a plurality of channels, and then outputs the 
demultiplexed channels to the second demultiplexing 
multi-ports R 1 to R N ..|. Further, the wavelength router 
520 demultiplexes the downstream optical signals input- 
ted through the second multiplexing port R N into a plu- 
rality of channels, and then outputs the demultiplexed 
channels to the first demultiplexing multi-ports L 2 to L N . 
The wavelength router 520 may, for example, make use 
of an element which has a periodicity like an NxN ar- 
rayed waveguide grating and performs multiplexing and 
demultiplexing in both directions. 
[0040] The plurality of optical receivers 530 are con- 
nected with the first demultiplexing multi-ports L 2 to L N 
respectively, in a one-to-one correspondence and con- 



vert a plurality of channels outputted through the first 
demultiplexing multi-ports L 2 to L N into a separate elec- 
trical signal. The optical receiver 530 may make use of 
a photodiode, for example. 

5 [0041] The plurality of circulators 540 are connected 
with the second demultiplexing multi-ports R 1 to R N _ 1 
respectively, in a one-to-one correspondence, and are 
provided with first to third ports. Each of the circulators 
540 outputs channels inputted through the second port 

10 to the third port and outputs channels inputted through 
the first port to the second port. 
[0042] The plurality of modulators 550 are connected 
with the plurality of circulators 540 respectively, in a one- 
to-one correspondence. Each of the modulators 550 

is causes channels inputted through the third port of each 
corresponding circulator 540 to be modulated with the 
correspondi ng data signal and to be outputted to the first 
port of the circulator 540. 

[0043] Fig. 5 illustrates construction of a subscriber- 

20 side apparatus according to a second embodiment of 
the present invention. The subscriber-side apparatus 
600 includes a WDM filter 610, a wavelength router 620, 
a plurality of optical receivers 630, and a plurality of Fab- 
ry-Perot laser diodes 640. The Fig. 5 embodiment differs 

25 from that of Fig. 4 in that Fabry-Perot laser diodes 640 
are used in place of the combination of circulators 540 
and modulators 550. Therefore, analogous parts of the 
description will not be repeated herein. 
[0044] The plurality of Fabry-Perot laser diodes 640 

30 are respectively connected with the second demultiplex^ 
ing multi-ports R-, to R N _«, of the wavelength router 620 
in a one-to-one correspondence. The Fabry-Perot laser 
diodes 640 are self-locked by inputted respective chan- 
nels, causing each channel of the self-locked wave- 

35 lengths to be modulated with the corresponding data 
signal before being outputted. A prior art method spec- 
trum-slices non-coherent ASE and then injects the 
spectrum-sliced results into a Fabry-Perot laser diode, 
thereby locking a multi-mode of the Fabry-Perot laser 

40 diode to a single mode. However, this method requires 
a specialized technology, because it demands a high 
power of ASE and a narrow bandwidth of spliced spec- 
trum. On the contrary, when multi-wavelength light gen- 
erated from the central office 200 is used, light of a rel- 

45 atively high power and a relatively narrow bandwidth 
can be inputted Into the plurality of Fabry-Perot laser 
diodes 640. Therefore, locking efficiency and locking 
stability can be obtained. 

[0045] Fig. 6 illustrates construction of a subscriber- 
50 side apparatus according to a third embodiment of the 
present invention. The subscriber-side apparatus 700 
includes a wavelength division multiplexer 710, a plural- 
ity of WDM filters 720, a plurality of optical receivers 750, 
a plurality of circulators 730, and a plurality of modula- 
55 tors 740. 

[0046] The wavelength division multiplexer 71 0 com- 
prises a single multiplexing port L 1 and a plurality of de- 
multiplexing ports R 1 to R^. The wavelength division 
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multiplexer 71 0 demultiplexes inputted respective multi- 
wavelength light and downstream optical signals into a 
plurality of channels and then outputs the demultiplexed 
channels to the plurality of demultiplexing ports R 1 to 
R N-1 or otherwise multiplexes channels inputted through 
the plurality of demultiplexing ports R n to R^, and then 
transmits the multiplexed channels to the central office 
200. 

[0047] The plurality of WDM filters 720 are connected 
with the plurality of demultiplexing ports R 1 to R^ re- 
spectively, in a one-to-one correspondence, and are 
provided with first to third ports. In each WDM filter 720, 
of channels inputted through the first port, those consti- 
tuting the multi-wavelength light are outputted through 
the second port and those constituting the downstream 
optical signals are outputted through the third port. Fur- 
ther, channels inputted through the second port are out- 
putted to the first port. 

[0048] The plurality of circulators 730 are connected 
with the plurality of WDM filters 720 respectively, in a 
one-to one correspondence, and are provided with first 
to third ports. Each of the circulators 730 outputs to the 
third port the channels having been inputted through the 
second port and outputs to the second port the channels 
having been inputted through the first port. 
[0049] The plurality of modulators 740 are connected 
with the plurality of circulators 730 respectively, in a one- 
to-one correspondence. Each of the modulators 740 
causes channels inputted through the third port of each 
corresponding circulator 730 to be modulated with the 
corresponding data signal, and then outputs the modu- 
lated channels to the first port of the circulator 730. 
[0050] The plurality of optical receivers 750 are con- 
nected with the plurality of WDM filters 720 in a one-to- 
one correspondence. Each of the optical receivers 750 
converts channels inputted through the third port of each 
corresponding WDM filter 720 into a separate electrical 
signal. The optical receiver 750 may make use of a pho- 
todiode, for example. 

[0051] Fig. 7 illustrates construction of a subscriber- 
side apparatus according to a fourth embodiment of the 
present invention. The subscriber-side apparatus 800 
includes a wavelength division multiplexer 81 0, a plural- 
ity of WDM filters 820, a plurality of optical receivers 840, 
and a plurality of Fabry-Perot laser diodes 830. The Fig. 
7 embodiment differs from that of Fig, 6 only in that Fab- 
ry-Perot laser diodes 830 are used in place of the com- 
bination of circulators 730 and modulators 740. There- 
fore, corresponding parts of the description will not be 
repeated herein. 

[0052] The plurality of Fabry-Perot laser diodes 830 
are connected with the plurality of WDM filters 820 re- 
spectively, in a one-to-one correspondence. As the Fab- 
ry-Perot laser diodes 830 are self-locked by channels 
inputted through the second port of each corresponding 
WDM filter 820, the laser diodes 830 cause each chan- 
nel of the self-locked wavelengths to be modulated with 
the corresponding data signal and then outputs the 



modulated channels. 

[0053] As seen from the foregoing, the WDM passive 
optical network using a loop back of multi-wavelength 
light generated from the central office in accordance 

5 with the present invention has advantages in that the 
multi-wavelength light for upstream optical signals to be 
transmitted from subscribers is generated at the central 
office and then supplied to the subscribers, so that the 
optical network can be efficiently operated, and cost ef- 

10 fectiveness can be obtained in proportion to the in- 
crease in number of subscribers. As an additional ad- 
vantage, use of laser light as the multi wavelength light 
provides the optical network with a large enough capa- 
bility to contain a high volume of dataf orthe subscribers. 

15 [0054] While the invention has been shown and de- 
scribedwith reference to certain preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of the 

20 invention as defined by the appended claims. 



Claims 

25 1. A passive optical network including a central office 
(200) and at least one subscriber-side apparatus 
(310) connected with the central office (200) 
through an optical fiber link (300) for communication 
upstream from the subscriber-side apparatus (31 0) 

30 to the central office (200) and downstream from the 
central off ice (200) to the subscriber-side apparatus 
(310), in which the subscriber-side apparatus (310) 
performs communication with the central office 
(200) based on wavelength-division-multiplexed 

35 optical signals, the central office (200) comprising: 

a routing switch section (210), provided with 
first to fourth multiplexing ports (L 1 , R N of 21 1 , 
R^ LN of 212), for demultiplexing multi-wave- 

40 length light inputted through the fourth multi- 

plexing port (R-, of 212) into a plurality of chan- 
nels, for amplifying and multiplexing each of the 
demultiplexed channels, for outputting the re- 
sults through the first multiplexing port (L-, of 

45 211), for demultiplexing and outputting up- 

stream optical signals Inputted through thethird 
multiplexing port (L N of 212), for multiplexing 
channels of downstream optical signals and for 
outputting the multiplexed channels through 

so the second multiplexing port (R N of 21 1 ); 

a splitting section (250), provided with first to 
third splitting ports and arranged on a loop op- 
tical waveguide (220) connecting the first (L 1 of 
55 211) and fourth (R-, of 212) multiplexing port 

with each other, for causing some of multi- 
wavelength light inputted into the first splitting 
port to be outputted through the second split- 
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ting port and for causing the remaining portion 
of multi-waveiength light . to be outputted 
through the third splitting port connected with 
the fourth multiplexing port (R 1 of 212); 

5 

a circulator (260) for causing the multi-wave- 
length light inputted from the second splitting 
port to be transmitted to the subscriber-side ap- 
paratus (310) and for 

10 



causing upstream optical signals received from 
the subscriber-side apparatus (310) to be out- 
putted to the third multiplexing port (L N of 21 2). 

2. The passive optical network according to claim 1, 
wherein the central office (200) further comprises: 

a combining section (270) for causing the up- 
stream optical signals received from the sub- 
scriber-side apparatus (310) to be outputted to 
the circulator (260), combining the multi-wave- 
length light inputted from the circulator with the 
downstream optical signals inputted from the 
second multiplexing port, and transmitting the 
combined results to the subscriber-side appa- 
ratus; and 

an optical transmitting section (280) for output- 
ting channels of different wavelengths to the 
routing section (210). 

3. The passive optical network according to claim 1, 
wherein the central office (200) further comprises 
an optical receiving section (290) for causing each 
of the channels demultiplexed from said upstream 
optical signals inputted through the third multiplex- 
ing port (LN of 212) to be converted into an electrical 
signal. 

4. The passive optical network according to claim 1 , 
wherein the central office (200) further comprises: 

an isolator (230), arranged on the loop optical 
waveguide (220), for passing through inputted 
multi-wavelength light and for blocking light 
traveling in a direction opposite to the inputted 
multi-wavelength light; and 

an optical band pass filter (240) arranged on 
the loop optical waveguide (220) and having at 
least one preset wavelength bandwidth. 

5. The passive optical network according to claim 1 , 
wherein the routing section (210) comprises: 

a second wavelength router (212) having third 
and fourth demultiplexing multi-ports (L, to L N .^ 
and R 2 to R N ) and said third and fourth multi- 



plexing ports (L N and R^, said second wave- 
length router (212) being configured for said de- 
multiplexing of multi-wavelength light inputted 
from the fourth multiplexing port (R.,) into a plu- 
rality of channels for output through the third 
demultiplexing multi-ports (L 1 to L^) and for 
said demultiplexing of upstream optical signals 
inputted from the third multiplexing port (L N ) in- 
to a plurality of channels for output through the 
fourth demultiplexing multi-ports (R 2 to R N ); 

a plurality of optical amplifiers (21 3), connected 
with the third demultiplexing multi-ports (L, to 
L N .i of 212), for amplifying and outputting in- 
is putted channels; and 

a first wavelength router (212) provided first 
and second multiplexing ports (L 1t R N ) and first 
and second demultiplexing multi-ports (L 2 to 
20 L N , R, to Rim.-i), for multiplexing and outputting 

said received channels through said first multi- 
plexing port (L^ and for multiplexing channels 
inputted into said first demultiplexing multi- 
ports (L 2 to L N ) for output through said second 
25 multiplexing port (R N ). 

6. A passive optical network, comprising: 

a central office (200); and 

30 

a subscriber-side apparatus (310), connected 
with the central office (200) through an optical 
fiber linked (300), for performing communica- 
tion with the central office (200) based on wave- 
35 length-division-multiplexed (WDM) optical sig- 

nals, 

wherein the central office (200) causes multi-wave- 
length light and downstream optical signals modu- 
lo lated with data signals to be transmitted to the sub- 
scriber-side apparatus (310) and receives up- 
stream optical signals from the subscriber-side ap- 
paratus (310); and 

wherein the subscriber-side apparatus (310) re- 
45 ceives multi-wavelength light and downstream op- 
tical signals from the central office (200), demulti- 
plexes the multi-wavelength light into a plurality of 
channels, modulates each of the demultiplexed 
channels with the corresponding data signal, multi- 
50 plexes the modulated channels into upstream opti- 
cal signals, and transmits to the central office (200) 
the multiplexed, modulated upstream optical sig- 
nals. 

55 7. The passive optical network according to claim 6, 
wherein the subscriber-side apparatus (500) com- 
prises: 



25 



7 



13 



EP 1 418 691 A2 



14 



a WDM filter (510), provided with first.to third 
filtering ports, for allowing the multi-wavelength 
light and downstream optical signals to be re- 
ceived through the first filtering port, for causing 
the multi-wavelength light to be outputted 5 
through the second filtering port and the down- 
stream optical signals to be outputted through 
the third filtering port, andf or allowing upstream 
optical signals inputted through the second fil- 
tering port to be transmitted through the first fil- 10 
tering port; and 

a wavelength router (520), provided with first 
and second multiplexing ports (L 1 , R N ) and first 
and second demultiplexing multi-ports (L 2 to 15 
L N , R N to R N _.,) for causing multi-wavelength 
light inputted through the first multiplexing port 
(L.,) connected with the second filtering port of 
the WDM filter (510) to be demultiplexed into a 
plurality of channels, for outputting the demul- 20 
tiplexed channels to the second demultiplexing 
multi-ports (R-j to R^), and for causing the 
downstream optical signals inputted through 
the second multiplexing port (R N ) connected 
with the third filtering port of the WDM filter 25 
(520) to be demultiplexed into a plurality of 
channels for output through the first demulti- 
plexing multi-ports (Lg to L N ). 

The passive optical network according to claim 7, 30 
wherein the subscriber-side apparatus (500) further 
comprises: 

a plurality of optical receivers (530) for convert- 
ing the plurality of channels outputted though 35 
the first demultiplexing multi-ports (L 2 to L N ) in- 
to a separate electrical signal; 

a plurality of circulators (540), provided with 
first to third circulating ports and connected with 40 
the second demultiplexing multi-ports (L 2 to L N ) 
respectively, in a one-to-one correspondence, 
for outputting channels inputted from the sec- 
ond circulating port to the third circulating port 
and for outputting channels inputted from the *s 
first circulating port to the second circulating 
port; and 

a plurality of modulators (550).. connected with 
the plurality of circulators (540) respectively, in so 
a one-to-one correspondence, for causing 
channels inputted from the third circulating port 
of each circulator (540) to be modulated with 
the corresponding data signals and for output- 
ting the modulated channels to the first circu- 55 
lating port of each circulator. 

The passive optical network according to claim 7, 



wherein the subscriber-side apparatus (600) further 
comprises: 

a plurality of optica! receivers (630) for causing 
the plurality of channels outputted through the 
first demultiplexing multi-ports of the wave- 
length router (620) to be converted into a sep- 
arate electrical signal; and 

a plurality of Fabry-Perot laser diodes (640), re- 
spectively connected with the second demulti- 
plexing multi-ports (R 1 to R N . n ) of the wave- 
length router (620) in a one-to-one correspond- 
ence and self-locked by inputted respective 
channels, for causing each channel of self 
locked wavelengths to be modulated with the 
corresponding data signal and for outputting 
the modulated channels. 

10. The passive optical network according to claim 6, 
wherein the subscriber-side apparatus(700) further 
comprises: 

a wavelength division multiplexer (71 0) : provid- 
ed with a multiplexing port (L N ) and a plurality 
of demultiplexing ports (R 1 to Rn-i)> for demul- 
tiplexing respective first and second down- 
stream optical signals inputted through the mul- 
tiplexing port into a plurality of channels and 
outputting the demultiplexed channels to the 
plurality of demultiplexing ports, for multiplex- 
ing channels inputted through the plurality of 
demultiplexing ports, and for transmitting the 
multiplexed channels to the central office (200); 

a plurality of WDM filters (720), respectively 
connected with the plurality of demultiplexing 
ports(R 1 to R N _i) in a one-to-one correspond- 
ence and provided with first to third filtering 
ports, for causing multi-wavelength light of 
channels inputted through the first filtering port 
to be outputted to the second filtering port and 
downstream optical signals of said channels in- 
putted through the first filtering port to be out- 
putted to the third filtering port, and for causing 
channels inputted through the second filtering 
port to be outputted to the first filtering port; and 

a plurality of circulators (730), connected with 
the plurality of WDM filters (720) in one-to one 
correspondence and provided with first to third 
circulating ports, for causing channels inputted 
through the second circulating port to be out- 
putted to the third circulating port and for caus- 
ing channels inputted through the first circulat- 
ing port to be outputted to the second circulat- 
ing port. 
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11. The passive optical network according to claim 6, 
wherein the subscriber-side apparatus (800) further 
comprises: 



signals. 

12. The passive optical network according to claim 11, 
wherein at least one of the optical amplifiers in- 
cludes an erbium doped fiber. 45 

13. The passive optical network according to claim 12, 
wherein said at least one optical amplifierfurther in- 
cludes a pumping light source for supplying pump- 
ing light by means of the erbium doped fiber. so 

1 4. A method for optical communication between a cen- 
tral office (200) and at least one subscriber-side ap- 
paratus (310) connected with the central office 
(200) for communication upstream from the sub- 55 
scriber-side apparatus (310) to the central office 
(200) and downstream from the central office (200) 

to the subscriber-side apparatus (31 0) including the 



steps of: 

in a routing section (210) provided with first to 
. fourth multiplexing ports, demultiplexing multi- 
wavelength light inputted through the fourth 
multiplexing port into a plurality of channels, 
amplifying and multiplexing each of the demul- 
tiplexed channels, outputting the results 
through the first multiplexing port, demultiplex- 
ing and outputting upstream optical signals in- 
putted through the third multiplexing port, mul- 
tiplexing channels of downstream optical sig- 
nals and outputting the multiplexed channels 
through the second multiplexing port; 

in a splitting section (250) provided with first to 
third splitting ports and arranged on a loop op- 
tical waveguide connecting the first and fourth 
multiplexing port with each other, outputting 
through the second splitting port some of multi- 
wavelength light inputted into the first splitting 
port and outputting through the third splitting 
port connected with the fourth multiplexing port 
the remaining portion of multi-wavelength light; 

transmitting to the subscriber-side apparatus 
(310) the multi-wavelength light inputted from 
the second splitting port; and 

outputting to the third multiplexing port up- 
stream optical signals received from the sub- 
scriber-side apparatus (310). 

1 5. The method according to claim 14, further compris- 
ing the steps of: 

outputting the upstream optical signals re- 
ceived from the subscriber-side apparatus 
(31 0) to a circulator (260), combining the multi- 
wavelength light inputted from the circulator 
(260) with the downstream optical signals in- 
putted from the second multiplexing port, and 
transmitting the combined results to the sub- 
scriber-side apparatus (310); and 

outputting, to the routing section, channels of 
different wavelengths. 

1 6. The method according to claim 1 4, further compris- 
ing the step of converting into an electrical signal 
each of the channels demultiplexed from said up- 
stream optical signals inputted through the third 
multiplexing port. 

17. The method according to claim 1 4, further compris- 
ing the steps of: 

passing through the loop optical waveguide 



a wavelength division multiplexer (810), provid- 5 
ed with a multiplexing port and a plurality of de- 
multiplexing ports, for demultiplexing respec- 
tive first and second downstream optical sig- 
nals inputted through the multiplexing port into 
a plurality of channels, for outputting the demul- 10 
tiplexed chan nels to the plurality of demu Itiplex- 
ing ports, for multiplexing channels inputted 
through the plurality of demultiplexing ports, 
and for transmitting the multiplexed channels 
to the central office; 15 

a plurality of WDM filters (820), respectively 
connected with the plurality of demultiplexing 
ports in a one-to one correspondence and pro- 
vided with first to third filtering ports, for causing 20 
multi-wavelength light of channels inputted 
through the first filtering port to be outputted to 
the second filtering port and downstream opti- 
cal signals of said channels inputted through 
the first filtering port to be outputted to the third 25 
filtering port, and for causing channels inputted 
through the second filtering port to be outputted 
to the first filtering port; 

a plurality of Fabry-Perot laser diodes (830), 30. 
connected with the second filtering port of each 
WDM filter and self-locked by inputted chan- 
nels, for causing each channel of self-locked 
wavelengths to be modulated with the corre- 
sponding data signal and for outputting the 35 
modulated channels; and 

a plurality of optical receivers (840), connected 
with the third filtering port of each WDM filter, 
for converting inputted channels into electrical *o 
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(220) inputted multi- wavelength light; 

blocking light traveling in a direction opposite 
to the inputted multi-wavelength light; and 

5 

optical band pass filtering (240), based on at 
least one preset wavelength, multi-wavelength 
light inputted into the loop optical waveguide 
(220). 

10 

1 8. The method according to claim 1 4, further compris- 
ing the steps of: 

in a second wavelength router (212) having 
third and fourth demultiplexing multi-ports and is 
said third and fourth multiplexing ports, utilizing 
said second wavelength router for said demul- 
tiplexing of multi-wavelength light inputted from 
the fourth multiplexing port into a plurality of 
channels for output through the third demulti- 20 
plexing multi-ports and for said demultiplexing 
of upstream optical signals inputted from the 
third multiplexing port into a plurality of chan- 
nels for output through the fourth demultiplex- 
ing multi-ports; 25 

1 9. The method according to claim 1 8, further compris- 
ing the steps of amplifying and outputting inputted 
channels by means of a plurality of optical amplifiers 
(213) connected with the third demultiplexing multi- 30 
ports. 

20. The method according to claim 1 9, further compris- 
ing the step of providing a first wavelength router 
(212) with first and second multiplexing ports and 35 
first and second demultiplexing multi-ports config- 
ured for receiving the amplified channels as input 
into the second demultiplexing multi-ports and for 
multiplexing and outputting said received channels 
through said first multiplexing port and formultiplex- *o 
ing channels inputted into said first demultiplexing 
multi-ports for output through said second multi- 
plexing port. 
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